Abstract
The wheat crop is crucial to support global food security with the largest global cropland 46 coverage (Thenkabail et al., 2012 ). Yet, similar to other cereal crops its level of production 47 and productivity is vulnerable to a changing climate. Increases in mean growing season 48 temperature, an increase in the frequency of extreme heat stress events at key phenological The underlying agricultural system (e.g. access to irrigation, cultivar type, soil type and 65 ecosystem services), which varies within and between cropping landscapes, can increase or 66 decrease the sensitivity of wheat crops to harmful climate impacts (Luers et impact of projected changes in heat stress during the TSP on crop production. Whilst this 104 study suggests heat stress during the TSP will limit crop yields it is limited by only using one 105 crop simulation model and the ability to accurately capture the dynamics in the underlying 106 agricultural system such as rates of irrigation application, farmer decisions on planting dates 107 and using fertiliser application data aggregated to national levels Extracting only wheat pixels minimised error from non-wheat land covers propagating up to 211 the crop yield-climate models (Atzberger, 2013) 
Where T is the threshold temperature for which EDD is computed individually for each 275 temperature from 32-42˚C at 1˚C increments, ti is the maximum temperature on day i and N is 276 the number of days in the TSP (N=30 (Fig. 3) . However, increases in all temperature variables have a negative impact on 343 wheat crop yield ( Fig. 3 and 4) . Generally, an increase in the temperature threshold above 344 which EDD is computed registers a greater negative influence on wheat crop yield (Fig. 4) .
345
However, a temperature threshold of 35°C had a noticeably larger R 2 compared to all other 346 temperature thresholds (Table 1) , there was also an increase in the size of the slope 347 coefficient at 35°C compared to lower temperature thresholds (Fig. 4) . The negative impact 348 of temperature during the TSP, determined by both the value of the slope coefficient and the 349 fit of the model, increased with later SOS dates ( Fig. 3 and 4 warming for SOS on day-of-year 361 would result in a yield decrease of -0.0792 Tonnes ha -1 .
353
The negative impact of exposure to heating events greater than 35°C during the TSP also 354 increased with later SOS dates (Fig. 4) approximates the reproductive and the beginning of the grain filling development stages.
366
While several studies focus on the impacts of daily maximum temperature or daytime Regressing EDD above incrementing temperature thresholds showed the expected negative 387 impact of increasing temperature during the TSP on wheat crop yield (Fig. 4) . These results
388
suggest that wheat yields in Punjab and Haryana are more sensitive to daily maximum 389 temperatures greater than 35˚C rather than a crop-specific critical temperature, often reported is confirmed by univariate regression models using growing season total precipitation and
413
TSP total precipitation as predictor variables ( were negatively impacted by warming during the TSP ( Fig. 3 and 4 
